W orking in a coal mine has long been known as a hazardous occupation, with potential for occupational noise exposure, 1 injuries, 2 and pneumoconiosis. 3 Several researchers have postulated that there may be potential exposures in communities with high levels of coal-mining activities that could impact the health of its residents. [4] [5] [6] [7] These exposures include PM 2.5 , the most respirable form of particulate matter, diesel fuel exhaust, chemicals involved in coal preparation, and elemental toxins that are included in the constituents of PM 2.5 . Major sources of PM 2.5 and PM 10 include automotive emissions and fossil fuel combustion as well as industries with large fugitive dust emissions. preventable hospitalizations. Nevertheless, West Virginia is fourth for public health funding and ranks 43rd in air pollution, indicating that it is one of the least polluted states with an annual PM 2.5 level of 11.2 μg/m. 3, 8 Early work in the United Kingdom by Pless-Mulloli et al 4, 5 was designed to compare rural and semiurban populations exposed to a mixture of underground and surface mining exposures. Particle size, number, shape, and sphericity were recorded. The authors considered residence near coal-mining sites and children's respiratory health in a matched pair study of 4860 children aged 1 to 11 years from five socioeconomically matched pairs of communities close to active coal sites and control sites away from them. Exposure was assessed by concentrations of less than 10 μm (PM 10 ), residential proximity to active coal-mining sites, and particle composition. PM 10 was monitored and sampled for 6 weeks and daily health information was collected by a symptom diary and general practitioner records. Patterns of the daily variation of PM 10 were similar in case and control communities, but PM 10 was higher in open cast (surface) areas (geometric mean 17.0 μg/m 3 vs 14.9 μg/m 3 ). Associations between daily PM 10 concentrations and acute health events were similar in coal mining and control communities; however, general practitioner consultations for respiratory consultations were higher in coal communities during the study period among children in coal communities.
Although there have been numerous studies of the relationship of PM 10 and PM 2.5 in metropolitan areas and respiratory disease in the United States, 9-11 these investigations were not centered around a specific industry but more generally related to automotive and industrial emissions. Two studies by Hendryx et al 6, 7 considered whether hospitalization patterns (2007) or mortality (2009) for respiratory disease was associated with Appalachian coal mining. The exposure metric utilized in this work was tons of coal produced in a county.
Hendryx et al 6 conducted earlier work as a retrospective analysis of 2001 adult hospitalization data (n = 93,952) for West Virginia, Kentucky, and Pennsylvania, merged with county-level coal production figures. Hospitalization data were obtained from the Health Care Utilization Project National Inpatient Sample. Diagnoses postulated to be sensitive to coal mining by-product exposure (including respiratory conditions of chronic obstructive pulmonary disease [COPD], lung cancer, and asthma) were contrasted with diagnoses postulated to be insensitive to exposure (such as diabetes, musculoskeletal diseases).
Data were analyzed using hierarchical nonlinear models, controlling for patient age, sex, insurance, comorbidities, hospital teaching status, and county-level poverty and social capital. Volume of coal mining was significantly related to hospitalization risk for COPD. The odds for a COPD hospitalization increased 1% for each 1462 tons of coal. The authors concluded that exposure to particulates or other pollutants generated by coal-mining activities may be linked to increased risk of COPD. There was no control for smoking rates, the strongest risk factor for COPD and overall respiratory disease and no adjustment for percentage employed in the mining industry by county or at the individual level. His second investigation 7 considered the relationship of coal mining to mortality rates in Appalachia. Mortality rates for the years 2000 to 2004 from respiratory disease were investigated in a national county-level analysis that included coal mining as the primary independent variable. Poisson regression models were analyzed separately for male and female mortality rates. Covariates included percent male population, college and high school education rates, poverty rates, race/ethnicity, primary care physician supply, ruralurban status, smoking rates, and a Southern regional variable. For both males and females, mortality rates in Appalachian counties with the highest level of coal mining were significantly higher relative to nonmining areas for chronic respiratory disease but were not higher for acute forms of respiratory illness. Higher rates of acute respiratory mortality were found for non-Appalachian coal-mining counties.
We seek to objectively assess the relationship of environmental and social determinants of health in WV mining communities and their effect on hospitalization rates for respiratory disease by investigating age-adjusted rates of hospitalizations for respiratory disease within West Virginia for 2005 to 2009 in coal-mining and non-coal-mining counties while controlling for important risk factors, including cigarette smoking and percentage of employment in the coal industry.
METHODS
All WV hospitalizations from 2005 through 2009 were obtained from the West Virginia Health Care Authority (n = 1,236,841). The total counts (for all 5 years) of respiratory outcomes (ICD-9 codes 460-519) per county were tallied by sex and age group (0 to 14, 15 to 24, 25 to 34, 35 to 44, 45 to 54, 55 to 64, and 65+ years). The numerators for these rates were resident inpatient hospitalizations admitted during a calendar year with a primary discharge diagnosis code of 460-519.9, according to the International Classification of Diseases, Ninth Revision (ICD-9). Direct age-adjusted hospitalization rates were calculated by applying the respiratory hospitalization age-specific rates observed for each county to a singlestandard population. In this case, we used WV population as of the US Census for 2000. This weighted average of the category-specific rates (age-specific respiratory hospitalization rates), with the weights taken from a standard population, results in a single summary rate that reflects the number of events that would have been expected if the populations being compared had an identical distribution, in this case age. 12 Census data, including percent urban, percent poverty, and percent with a high school degree, were obtained from the 2000 US Census 13 at the county level. For percent urban, the Census uses a combination of the population size and the degree of economic and social integration within an area. Percent poverty is determined by comparing actual to expected levels of income. Median income is also reported at county level as the amount that divides the income distribution of all households into two equal groups. Percent high school includes those with at least a high school education. Behavioral Risk Factor Surveillance System (BRFSS) data were also obtained for each county in West Virginia and includes obesity and smoking rates.
14 The BRFSS defines obesity as having a body mass index of at least 30 kg/m 2 . Current smokers have smoked at least 100 cigarettes in their entire lives and now smoke cigarettes some days or every day. In addition, we calculated percentage of men aged 15 to 64 years employed in the coal industry in each county to control for occupational exposures that may be associated with respiratory outcomes.
Coal production rates were gathered from the 2005 WV Office of Miners' Safety and Training 15 report. The number of residents who work in the coal-mining industry was provided by this report and is available only for counties that mine coal.
Spearman correlations were conducted to determine which demographic and health behavior factors were correlated (P < 0.10) with hospitalization rates for respiratory disease by county for total, men, and women, and how these were related to coal production. Then, stepwise linear regressions were performed for total, male, and female respiratory rates by county. Tons of total, surface, and underground coal were the variables of interest and were scaled by 100,000. Other predictors included all socioeconomic and behavioral factors listed previously, as well as percentage of men employed in the coal industry (for total population and male rates). Variables remained in the model if the P value was less than 0.10. Significant risk factors in all models included percent poverty, percent urban, and percent smoking.
The risk factors found to be significant in the first step, along with tons of coal (total, surface, or underground), were forced into a second set of linear regression models. Percent poverty was stepped in first, after percent urban and percent smoking. Our main variable of interest, tons of coal, was stepped in last to assess whether and how much it adds to the association after these other known risk factors of respiratory hospitalizations have been included. Effects were considered significant less than 0.05. Borderline effects were considered below 0.10. A comparison of the Akaike Information Criterion values was used to select the most appropriate model for each outcome. All models were run using SPSS 21.0 (SPSS Inc, Chicago, IL). Table 1 presents the number and percent distribution of WV hospitalizations for 2005 through 2009 for major respiratory disease categories. Pneumonia and chronic obstructive pulmonary disease account for the majority of diagnoses (72.83%). The "other diseases of the respiratory system" category (510-519) includes emphysema, pleurisy, pneumonthorax, pulmonary congestion and hypostasis, postinflammatory fibrosis, and other diseases of the respiratory system. Tables 2 and 3 present WV coal-mining and non-coal-mining counties by coal production and important socioeconomic and behavioral covariates. Boone, Kanawha, and Harrison counties had historically the greatest overall production with comparable amounts of both surface and underground coal mining. Boone, Mingo, and Wyoming County had the most significant proportion of men Overall, it seems that the coal-mining counties had a higher percent living below the poverty level (median of 16.3% for non-coal-mining counties and 19.7% among coal-mining counties). Self-reported obesity rates, however, were similar with the median self-reported percent obese (with a body mass index greater than 30) in coal-and non-coal-producing counties at 31.3% and 31.4%, respectively.
RESULTS

Descriptive Information
The percentage below the poverty line in coal-mining counties ranged from 11.7% (Brooke County) to 37.7% (Marion County). For non-coal-mining counties, the percent poverty range was similar: 11.1% (Hancock County) to 25.9% (Gilmer County). There was little difference in percentage of adults with a high school diploma (median in non-coal-mining counties of 74.7% and among coalmining counties 72.0%); likewise, smoking rates were comparable (medians of percent smokers are 31.9% and 33.4% in non-coal and coal-mining counties, respectively). Table 4 includes average annual age-adjusted hospitalization rates for respiratory diseases for each WV County. For respiratory diseases, the statewide hospitalization rate was 15.9/1000. For coalmining counties, the range was from 8.3 (Mineral County) to 37.5 (Logan County) per 1000 and for non-coal-mining counties the range was from 4.7 (Hampshire County) to 29.7 (Lewis County).
Age-Adjusted Hospitalization Rates for Respiratory Disease
Correlation Matrix
As shown in Table 5 , many of the covariates are highly correlated. The amount of coal mined, in any form, is univariately correlated to total respiratory hospitalization rate (P < .01). Percentage of adults with a high school education is strongly negatively correlated with respiratory hospitalization rates, poverty rate, smoking prevalence, and positively related to median income. Obesity is significantly correlated with poverty rate and smoking prevalence and is significantly negatively related to percent urban and percentage of high school graduation. Poverty is highly positively correlated with smoking and hospitalization rates for respiratory conditions and percent employed in the coal-mining industry.
Shown in Fig. 1 is a distribution of total coal production for 2005 in West Virginia and the location of their 15 PM 2.5 air monitors. West Virginia is a major coal-producing state for both surface and underground coal production. Boone County had the highest total, surface, and underground coal-mining production of any WV county in 2005. With almost 20% of the entire state's production, Boone County had more than twice the production of any other county. Kanawha and Marshall counties are the second and third highest coal-producing counties in West Virginia, respectively. Statewide, West Virginia produced more than 1.5 times the amount of coal from underground mining than from surface mining in 2005. Nevertheless, this ratio varies greatly from county to county, with most counties having both surface and underground mines. Brooke, Clay, and Mineral counties have their entire coal production from surface mines. Braxton, Grant, Greenbrier, Marshall, Randolph, and Tucker counties have their entire coal production from underground mines.
Stepwise Linear Regression Results
Shown below in Tables 6-8 non-coal-mining communities. Although not shown, we performed stepwise linear regressions, using all of the sociodemographic and behavioral risk factors (percent below poverty, percent urban, percent obesity, percent smoking, median income, percent high school graduation, and proportion of the residents working in mining). Of these factors, percent below poverty, percent urban, and percent smoking remained significantly associated with respiratory hospitalizations and were used in the final models. Tons of total coal was significant at the univariate level, but it did not make a significant contribution to the models for all, male or female respiratory hospitalization rates after percent poverty, percent urban and percent smoking were stepped into these models. Underground coal production was not significant univariately and did not make a significant contribution to any of the models after the above three important sociodemographic and behavioral risk factors were taken into account. Surface coal production, however, was significantly associated with respiratory hospitalization rates in each model (P < .03). For total, males, and females separately, the R 2 for these three strong SES indicators substantially improved all the models. Obesity was not significantly associated with respiratory hospitalization. Nevertheless, poverty was significantly related to these outcomes (P < .001) for all correlations with age-adjusted sex-specific hospitalization rates by county. Additional models were run (not shown) using tons of surface and tons of underground coal in the same model. Surface mining remains significant in all models.
DISCUSSION
The strengths of this study are the inclusion of individual hospital record information by disease classification for respiratory disease among WV residents and the calculation of county-specific average annual rates for 2005 to 2009 in a database that also includes key socioeconomic and behavioral risk factors such as percent obesity and smoking by county and surface, total and underground coal production as well as percent employed in the coal industry as covariates of morbidity. We were not able to assess individual exposures to particulate matter or other pollutants that may be related to coal extraction as well as individual risk factors for the population. The available data did not allow us to explore associations between Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited. residential proximity of the hospitalized patients to coal-mining facilities. Mining particulate matter is typically coarse, not fine, and has a relatively limited distribution. This is an ecological study; data were analyzed at the group level only by calculating county-level age-adjusted hospitalization rates and combining with county-level Census and BRFSS data. Future work could include conducting multilevel modeling of aggregate sociodemographic and environmental data, together with individual outcomes and risk factors. After controlling for percent poverty, percent urban, and percent smoking, neither total tonnage of coal produced nor tons of underground coal was positively associated with respiratory hospitalization rates. Surface coal production, however, was significantly associated with respiratory hospitalization rates. Future studies should also seek to quantify specific, coal-related exposures and their associations with respiratory health in West Virginia.
The major contributors predicting respiratory disease hospital admissions were percent below poverty, percent urban, and percent smoking after tons of surface coal produced. After stratifying by surface versus underground coal production, we found a statistically significant effect of tons of surface coal produced and respiratory disease hospitalization in men and women. The distribution of percent smoking by county is significantly associated with hospitalizations for respiratory diseases (Tables 4-6 excess of one fourth of the adult population that personal risk factors such as smoking may be influencing apparent relationships of coal mining previously noted. Nevertheless, the overall smoking rates as estimated through the BRFSS did not differ significantly between mining and nonmining areas. The most appropriate models (smallest Akaike Information Criterion) to explain total, male, and female respiratory rates always include percent poverty, percent urban, and percent smoking.
As shown in Tables 6-8 , our data suggest that respiratory hospitalizations increased with increasing urbanicity. This finding contradicts the observation of higher rates of adverse health outcomes found in more rural areas of Appalachia in previous studies; however, most measures of air pollution have been found to be worse in more urban areas of Appalachia. 16 The positive relationship between respiratory hospitalizations and percent urban may be a reflection of the importance of other sources of air pollution within more urban areas of West Virginia. It could alternatively result from residents of urban areas having better access to health care than those residing in more rural areas.
We found an association between adverse health outcomes (respiratory hospitalizations) and living near coal-mining operations that were of the surface variety. Hendryx et al, 6 in their 2007 hospitalization paper, found a relationship of total coal production and COPD hospitalization. Our association for respiratory disease hospitalizations associated with surface coal mining was significant upon univariate regression and remained significant after controlling for county-specific risk factors of percent smoking, percent urban, and percent below poverty. Previous work had examined the relationship of living in a coal county with certain outcomes such as lung cancer, COPD, hypertension, kidney disease, congestive heart failure, ischemic heart disease, and asthma. Nevertheless, smoking was not controlled for in the Hendryx et al 6 analysis and total coal mined was the sole risk factor instead of considering underground and surface mining separately.
Further work should, therefore, be conducted to quantify pollution near mines as well as considering sensitive population subsets such as children younger than 15 years and older adults older than 75 years. In addition, pollution from other industrial sources 17 in West Virginia must be assessed to achieve a picture of how the environment influences the health of the population.
